Abstract Gold mining companies are known to use cyanide to extract gold from minerals. The indiscriminate use of cyanide presents a major environmental issue. Serratia marcescens strain AQ07 was found to have cyanidedegrading ability. Optimisation of biodegradation condition was carried out utilising one factor at a time and response surface methodology. Cyanide degradation corresponded with growth rate with a maximum growth rate of 16.14 log cfu/mL on day 3 of incubation. Glucose and yeast extract are suitable carbon and nitrogen sources. Six parameters including carbon and nitrogen sources, pH, temperature, inoculum size and cyanide concentration were optimised. In line with the central composite design of response surface methodology, cyanide degradation was optimum at glucose concentration 5.5 g/L, yeast extract 0.55 g/L, pH 6, temperature 32.5°C, inoculum size 20 % and cyanide concentration 200 mg/L. It was able to stand cyanide toxicity of up to 700 mg/L, which makes it an important candidate for bioremediation of cyanide. The bacterium was observed to degrade 95.6 % of 200 mg/L KCN under the optimised condition. Bacteria are reported to degrade cyanide into ammonia, formamide or formate and carbon dioxide, which are less toxic by-products. These bacteria illustrate good cyanide degradation potential that can be harnessed in cyanide remediation.
Introduction
Cyanide is utilised in the extraction of gold from its ore. It is used in electroplating industries, metal plating industries and polymer synthesis; these activities have caused contamination to the environment by altering the biogeochemical cycle (Parmar et al. 2012) . The release of cyanide into the environment inflicts severe hazard to the maintenance of the ecosystem (Sepúlveda et al. 2010) . Precious metal mining industries, metal coking and nitrile polymer industries generate over 3 billion litres of cyanide-contaminated waste annually (Towil et al. 1978) . Malaysia has suffered gold mine cyanide-related problem in recent times. Preliminary studies conducted on gold mining impact on the health of humans in Malaysia reveals a likely connection among gold mine operations and persistent levels of cyanide compounds in nearby communities (Isahak et al. 2013) . In Raub, Pahang, a gold mine has been alleged to utilise cyanide in their extractions that pose a serious health hazard to the neighbouring communities. Considering the problems of cyanide pollution in some communities in Malaysia as a result of gold mining and considering the economic benefit derived from the process, it is necessary to devise a means of removing the cyanide efficiently without necessarily closing the mines.
The chemical method is the commonly practised technique for the removal of cyanide from industrial runoffs, but this method is costly and at times ineffective, especially if the cyanide concentration is low (Patil and Paknikar 2000) . An alternative replacement of chemical and physical cyanide removal is bioremediation. At relatively low concentrations of cyanide, bioremediation is less expensive compared to physical and chemical techniques and faster than natural oxidation (Dash et al. 2009; Ö zel et al. 2010) . Consequently, bioremediation is a potentially more profitable and eco-friendly method that could be of interest to gold miners and relevant authorities (Dash et al. 2009 ).
Optimisation literarily means discovering the best solution, the most excellent compromise amongst numerous inconsistent demands subject to predefined requirements called constraints (Arif et al. 2012; Halmi et al. 2013) . Optimisation is very important in biotechnological processes. Optimum condition for better growth and proliferation of a microorganism must be obtained to subject it into its best biotechnological manipulations. Optimising parameters necessary for biological techniques is very essential in solving the problems that are identified in the process (Suhaila et al. 2013; Zahaba et al. 2015) . Use of optimisation in a biotechnological system tends to make it as efficient and achievable as possible .
Conventionally, optimisation is being conducted by examining the influence of one factor at a time (OFAT) on an experimental response. This method has a major disadvantage in the sense that it does not incorporate the interactive effects between the variables examined. Because just one parameter is changed, others are kept at a constant level; as a result it does not represent the entire effects of the parameter on the response (Huertas et al. 2010) .
To avoid this predicament, the optimisation of the analytical process has been conducted by the utilisation of multivariate statistical procedures, among which is response surface methodology (RSM). It is a collection of mathematical and statistical procedures based on the fit of a polynomial equation to the experimental data, which ought to explain the performance of a data set with the objective of making statistical previsions. It is usually applied when a response or a set of responses of interest are influenced by a number of variables (Bezerra et al. 2008) . RSM is very significant in biotechnological processes.
It is also pertinent to note that isolate AQ07 was neither isolated from cyanide-laden environment nor was it taken from any chemically polluted environment, but it possesses excellent cyanide-degrading potential (Karamba et al. 2015) . Though cyanide can be found naturally in the environment, perhaps by secretions from surrounding plants, it may not be up to the level of high contamination. Several cyanide-degrading bacteria have been identified in recent years, but few were able to stand cyanide toxicity up to 700 mg/L. In this study, a locally isolated cyanide-degrading bacterium Serratia marcescens strain AQ07 was subjected to the optimisation process via both one factor at a time (OFAT) and response surface methodology (RSM) to determine the optimal condition for manipulating it in biotechnological practices.
Materials and methods

Bacterial strain and growth condition
Serratia marcescens strain AQ07 was isolated from the soil environment in University Putra Malaysia, and it was identified based on 16s rRNA sequencing as in a previous study (Karamba et al. 2015) . The buffer medium with the following composition in 1 L of distilled water was used for this study: KH 2 PO 4 -7.2 g, K 2 HPO 4 -3.5 g, 10 mL of trace salts (FeSO 4 .7H 2 0-300 mg/L, MgCl 2 .6H 2 O-180 mg/L, Co(NO 3 ) 2 .6H 2 O-130 mg/L, CaCl 2 -40 mg/L, ZnSO 4 -40 mg/L, MoO 3 -20 mg/L), yeast extract-0.5 g (Potivichayanon and Kitleartpornpairoat 2010) . The medium was sterilised at 121°C for 15 min. Filter-sterilised glucose-5 g/L was separately autoclaved to avoid reddish colouration and filter-sterilised KCN was incorporated into the medium. Resting cells of strain AQ07 were inoculated into a 50 mL buffer medium containing 200 mg/L filtersterilised KCN. The medium was placed in a 250 mL screw cap Schott bottle. It was incubated in a Protech orbital shaker for 72 h. Biodegradation was tested using the analytical method described above.
Analytical method
A modified spectrophotometric method for the determination of cyanide using c-picoline and barbituric acid was used for the cyanide assay (Nagashima 1977) . The modification is based on the quantity of sample analysed. Test samples (1 mL) were collected using a sterilised micropipette. It was placed in a centrifuge tube with 1.5 mL capacity. Sigma 1-4 Sartorius centrifuge was used to spin the sample at 10,000 rpm for 10 min. 100 lL of the sample was transferred into a 15 mL capacity centrifuge tube and 9.9 mL of distilled water was added to mark up to 10 mL to obtain 100-fold dilutions. This cyanide method of analysis can only assay lower than 0.5 lg CN/mL (Nagashima 1977) . The sample was thoroughly mixed by pipetting. 500 lL of the diluted sample was placed in a sterilised centrifuge tube (1.5 mL). 250 lL of buffer solution (pH 5.2) was added into the centrifuge tube and 13 lL of chloramin T sodium salt solution 1 % (w/v) was also added. The tube was tightly closed and mixed using a vortex mixer. It was allowed to stand at room temperature for 1 to 2 min. 150 lL of c-picoline-barbituric acid reagent was added and stirred. The mixture was allowed to stand at 25°C for 5 min for proper reaction to take place. The absorbance reading at 605 nm was determined against an ascertained linear standard curve array of 0.1-3.5 mg/L KCN. Bacterial growth was measured using colony forming unit per millilitre technique (cfu/mL), and the values of CFU obtained were converted to log and expressed as log cfu/mL.
Statistical analysis
All the experiments were conducted in triplicate. Experimental errors were depicted in error bars as standard deviation indicating three determinations. All data were analysed using SAS 9.3.
Preparation of seed culture
Broth medium was prepared in a 4 l conical flask composed of nutrient broth media-8 g/L and glucose-8 g/L. The medium was sterilised for 15 min at 121°C. It was allowed to cool down to room temperature, and then 2 % of 24 h pre-cultured bacteria were inoculated. The culture was incubated at room temperature for 48 h. Aeration was provided using an aquarium pump fitted with a sterile syringe filter with 0.45 lm pores used in filtering undesirable microbes from the inward air provided by the pump (Ahmad et al. 2011 ). The cells were harvested at early stationery phase by spinning at 10,0009g and temperature 4°C for 10 min. The yielded cells were washed twofold using 100 mM phosphate buffer and then re-suspended in the same solution. The optical density (OD 600 nm) was regulated to the range of 0.9-1.0 and it was stored at 8°C for further use.
Optimisation of degradation and growth conditions via OFAT
Serratia marcescens strain AQ07 was grown in buffer medium as described above using different carbon and nitrogen sources. The pH value, temperature, size of inoculums and tolerance to cyanide were also optimised. 
Optimisation of degradation conditions using RSM
The same factors experimented using OFAT were studied via RSM. Glucose, yeast extract, pH, cyanide concentration, inoculum size and temperature are the independent variables studied using response surface methodology. Design expert software (version 6.0.8, Stat-Ease, Inc., Minneapolis, 2002) was used in this optimisation. PlackettBurman and central composite design (CCD) were used to study the combined effect of different variables. Glucose concentration was used within the range of 1-10 g/L, yeast extract was utilised within the concentration of 0.1-0.8 g/ L, pH was tested within the range of 4-8, cyanide concentration was 100-300 mg/L, inoculum size 10-30 % and temperature 20-40°C. A total of 12 runs were conducted on the Plackett-Burman and 86 runs were carried out on a central composite design (CCD). Upon completion, the residual cyanide was considered as the response Y. The experiments were conducted within a period of 8 weeks.
Cyanide tolerance
Isolate AQ07 was tested for the maximum cyanide concentration it can tolerate. An array of cyanide concentrations ranging from 200 to 750 mg/L were tested using the same buffer medium over a period of 72 h. The residual cyanide concentrations were assayed as explained previously.
Results and discussion
Serratia marcescens strain AQ07 is being optimised utilising a central composite design of response surface method to determine the best condition for its ability to remediate cyanide. To our knowledge, this bacteria has never been optimised for cyanide removal using RSM. This isolate has been previously reported to stand the toxicity of heavy metals with the exception of mercury and its ability to remove cyanide (Karamba et al. 2014 ). There are comparatively few reports that suggest biodegradation utilising cyanide as the sole carbon and nitrogen source by bacteria. Mirizadeh et al. (2014) reported biodegradation of cyanide by strain C2 under alkaline conditions using response surface method, but the conditions of degradation differs from this study. Mekuto et al. (2015) reported biodegradation of free cyanide by Bacillus consortia and optimising the condition involving temperature and pH using RSM; the conditions were dissimilar to findings in this study. Skowronski and Strobel (1969) reported that Bacillus pumilus was able to proliferate and degrade 0.1 M KCN. Watanabe et al. (1998) reported Pseudomonas stutzeri AK61 to be able to degrade 1 mM KCN containing no organic substances. These bacteria were isolated from chemically dominated environment and probably might have been utilising cyanide as a nutritional substance prior to use in the laboratory. Rhodococcus UKMP-5 M has been reported to remove 0.1 mM KCN (Maniyam et al. 2013) . It is pertinent to note that the bacterium was isolated from petroleum-contaminated environment and has to be induced by acetonitrile to carry out such activity. In this research, the bacteria were unable to grow in the medium containing only cyanide as the source of carbon and nitrogen, and hence the need to add glucose and organic nitrogen as carbon and nitrogen sources. The carbon and nitrogen sources enhance the growth and degradation of cyanide. This could be because the bacteria were not isolated from cyanide-laden environment and thus perhaps not familiar with harzardous chemicals; culturing for a considerable time period in a cyanide-containing medium could trigger the ability to be utilised as a sole source of carbon and nitrogen. Dumestre et al. (1997) and Militzer (1949) reported rapid loss of cyanide in glucose minimal medium at high pH, which was explained by the cyanide loss being abiotic and as a result of the Kiliani reaction between glucose and cyanide. The same phenomenon was observed in this study at higher pH with cyanide, but degradation due to bacteria was deduced by subtracting the concentration of cyanide depleted in the medium without bacteria. But at pH of 6, only between 13 and 16 % of cyanide was lost as a result of abiotic activity which indicates that the remaining cyanide was removed as a result of the action of the bacteria.
Optimisation via OFAT
Effect of carbon source
Thirteen carbon sources at 5 g/L were used in this experiment with 25 mg/L of filter-sterilised KCN (Fig. 1) . Three carbon sources showed significant effect in the degradation. Glucose has the highest effect of aiding cyanide degradation of 96 % with bacterial growth of 16.13 log cfu/mL, followed by sucrose and galactose at 93 and 89 %, with bacterial growth of 16.14 and 16.16 log cfu/mL, respectively. T test (LSD) indicated that there was no significant difference between glucose and sucrose (p [ 0.05) with mean square values of 95.97 a and 92.57 a respectively, while there was a significant difference with galactose (p \ 0.05) with a mean square value of 78.83 b . LSD stands at 6.06. Other carbon sources indicated less effect in assisting degradation by removing less than 50.6 % despite good bacterial growth obtained in some cases. Perhaps, some of the carbon sources provided more energy for the bacteria enabling it to proliferate well, bypassing the toxicity of cyanide without using much of it as nitrogen source. Cyanide loss due to abiotic effect was estimated as 13 %. The experiment was carried out within the time frame of 48 h. Glucose is considered as the most appropriate carbon source for further research.
Effect of nitrogen source
Five different nitrogen sources at 0.5 g/L were used with 25 mg/L filter-sterilised KCN within a 48 h period. Two of the nitrogen sources had no significant difference (p [ 0.05) in terms of positive effect on cyanide degradation (Fig. 2) . Beef extract, tryptone and yeast extract showed degradation of 96, 96.3 and 96.6 %, respectively, with mean square values of 1.36 a , 0.69 a and 0.92 a and LSD of 0.92. Bacterial growth was highest with tryptone of 16.21 log cfu/mL. Yeast extract illustrated bacterial growth of 16.1 log cfu/mL and beef extract 16.00 log cfu/ mL. But the biodegradation rate for these three organic nitrogen sources showed no significant difference. Inorganic nitrogen sources such as sodium nitrate and ammonium sulphate resulted in 28.3 and 28 % degradation, respectively, with very poor bacteria growth. This indicates that these sources of nitrogen have no significance to the bacteria. The control showed depletion of cyanide by 16.9 %, which might be due to air stripping as reported previously (Patil and Paknikar 2000; Gurbuz et al. 2009 ).
Effect of pH
Proliferation and metabolic action of any microbe have been reported to be gravely affected by pH (Nafady et al. 2015) . The pH of the medium was optimised in this research within the range of 4-9 (Fig. 3) . At pH 4 and 5, low cyanide degradation was observed at 22.8 and 36.1 %, respectively. Bacterial growth was low at 15.8 and 15.9 log cfu/mL, respectively. The best pH for supporting degradation and growth was pH 6. A degradation of 96.6 % with bacterial growth of 16.13 log cfu/mL was obtained. pH 7 showed 90.9 % degradation with bacterial growth of 16.18 log cfu/mL. T test LSD illustrated that there was no significant difference between pH 6 and 7 (p [ 0.05). pH 8 and 9 shows lower degradation enhancement with 47.1 and 54.2 % cyanide removal depicting bacterial growth of 16.07 and 16.13 log cfu/mL, respectively.
Effect of temperature
Temperature was optimised within the range of 30 to 40°C (Fig. 4) . The best temperature supporting optimal degradation and growth of the bacteria was 32°C, which corresponds to the normal temperature of Malaysia. It degraded 92.5 % cyanide with a growth of 16.11 log cfu/ mL, followed by 30°C enhancing degradation of 66.3 % with bacterial growth of 15.99 log cfu/mL. Other temperature conditions are not favourable for the bacteria.
Effect of inoculum size
Inoculum size was tested from 0 to 20 %, with a difference of 5 %. The cyanide concentration was increased to 100 mg/L in this case to accommodate a higher percentage of the inoculums. It showed a good pattern of growth and degradation (Fig. 5) . The more the inoculum size, the higher was the growth and the better was the degradation. 84.6 % degradation was obtained at 20 % inoculum size and bacterial growth of 15.95 log cfu/mL. 50.2 % was recorded as the least degradation at the 5 % inoculum size, illustrating bacterial growth of 15.5 log cfu/mL. At 0 % inoculum size, cyanide depletion stood at 18.6 %. This could be due to cyanide loss as a result of volatilisation or air stripping (Gurbuz et al. 2009; Patil and Paknikar 2000) . Statistical analysis showed that there was little difference in 20 % and 15, 15 and 10 %, but there was significant difference (p \ 0.05) with 5 % degradation. This explains that the bacterium can degrade up to 100 mg/L KCN depending on the size of inoculums used. It implies that higher cyanide concentration can be removed using this strain of bacteria.
Effect of cyanide concentration
The ability for strain AQ07 to degrade a high concentration of cyanide was tested to ascertain the optimum concentration of cyanide that the strain would be able to degrade (Fig. 6 ). KCN concentration of between 50 and 200 mg/L at 50 mg/L increments was used for this experiment. The result illustrates a pattern contrary to that obtained in ''effect of inoculum size'': the more the cyanide increased, the lower was the bacterial growth. The use of cyanide concentration of 100 mg/L recorded a percentage degradation of 90.1 % with bacterial growth of 16.29 log cfu/ mL, which was not significantly different (p [ 0.05) from 89.6 % when cyanide of 50 mg/L was utilised. However, 50 mg/L recorded the highest bacterial growth, illustrating 16.39 log cfu/mL. 150 mg/L recorded 84.4 % degradation and growth of 16.23 log cfu/mL, while 200 mg/L recorded 85 % degradation illustrating bacterial growth of 16.1 log cfu/mL. In this experiment, cyanide degradation is seen to be stable, with bacterial growth declining. The decline could be due to increasing toxicity of cyanide, but the lowest level of growth of the bacteria (16.1 cfu/mL) observed at the highest cyanide concentration which is 200 mg/L is still within the potential of the bacteria to degrade the cyanide compared with previous results in this paper.
Optimisation via RSM
This method was used in the assessment of the best or optimum condition for biodegradation of cyanide. The method analyses the response obtained after the alteration of some factors that are responsible for degradation. The residual cyanide obtained was referred to as the response. The main objective of the response surface method is to determine the optimum condition for obtaining a maximum response. The factors considered in the experiment that affects the biodegradation process are: glucose concentration as carbon source, yeast extract as nitrogen source, pH, temperature, inoculum size and cyanide concentration the same as in OFAT. The design of the experiment is shown in Table 1 . Based on the response, the model was utilised in the generation of response surface and contour curves to point out the effects of the factors in cyanide degradation. In this research, two methods were used: Plackett-Burman and central composite design.
Plackett-Burman
The Plackett-Burman method was carried out to screen parameters used in this study prior to the optimisation process using CCD (Ibrahim et al. 2015) . Six parameters optimised using the one-factor-at-a-time approach was tested in a range of concentrations. The experiment was carefully conducted and result was obtained indicating significant model in the analysis of variance (ANOVA) table. It indicates that all the six variables are significant model terms for this experiment. There were no variable that were less significant, and hence all six must be used in the central composite design. The ANOVA illustrated R 2 value that stood at 0.9994, which could clarify up to 99.9 % of unpredictability of the response. It evaluates how much unpredictability examined response value can be clarified by research factors and their interaction. Adjusted R 2 value stood at 0.997, which was also very high. This explained the significance of the model. It computes the signal to noise ratio. A ratio above 4 is required. In this experiment, the ratio was 59.575, which signifies a satisfactory signal. Adeq Precision was 59.575. The importance of every coefficient was established by p values.
The ANOVA of quadratic model shows how highly significant the model is. The model F value of 401.88 implies that the model is significant. In this case, all the parameters are significant model requisites. Figure 7 shows the significant model terms between the predicted and the actual value in the Plackett-Burman design. This equally shows how the results obtained were close to the predicted values.
The equation for the response surface for PlackettBurman is illustrated below: 
Central composite design (CCD)
Since all factors are significant in the Plackett-Burman design, the CCD experimented all of the six factors. In this research, 86 experiments were conducted within a period of 6 weeks. The design and response are illustrated in Table 1 . CCD response can be utilised to generate response surfaces and 3D contours to reveal the effects of these factors in cyanide remediation. Y is the predicted response (residual cyanide), A (glucose concentration), B (yeast extract concentration), C (pH), D (cyanide concentration), E (Inoculums size) and F (temperature). The experimental value of residual cyanide is given in Table 1 . R 2 coefficient was calculated as 0.9517, which can elucidate up to 95 % inconsistency of the response. It appraises how variability examined response value can be explained by research factors and their interaction.
Adjusted R 2 value was deduced at 0.9292, which was also an acceptable value. This explained the impact of this polynomial model. It works out the signal to noise ratio. The ''Pred R-Squared'' of 0.8466 is in reasonable agreement with the ''Adj R-Squared'' of 0.9292. A ratio of [4 was obtained. In this experiment, the ratio was 24.533, which signifies a satisfactory signal. Full-term precision was 24.553. The importance of every coefficient was established by p values. Lack of fit test is illustrated in Table 2 .
The model F value of 42.31 shows that the model is significant. In this case, all the factors are significant model terms.
The final equation in terms of coded factors is illustrated below:
Y ¼ þ96:29 þ 9:59A þ 6:32B þ 4:66C À 5:90D þ 6:81E þ 6:22F À 4:43A 2 À 3:10B 2 À 9:95C 2 À 3:95D 2 À 8:68E 2 À 10:23F 2 þ 7:68 AB þ 4:74AC þ 3:82AD À 1:50AE À 1:33AF À 4:55BC À 1:31BD
The result obtained between OFAT and RSM shows much higher degradation using RSM parameters than OFAT. Table 3 indicates a difference of 5.5 % in the degradation of cyanide with RSM having the upper hand, because the highest degradation for OFAT was obtained utilising 100 mg/L KCN, while for RSM it was 200 mg/L KCN. Degradation using 200 mg/L KCN was experimented using OFAT and 85 % of the cyanide was removed, while RSM was able to remove 95.6 %. Though factors such as pH in the two optimisation methods revealed similar optimal level, other factors indicated different optimal levels in terms of concentrations used. However, the difference in the response obtained was overwhelming. The parameters indicated in Table 3 might be very close when comparing the two methods, but the results indicated highly significant difference (p \ 0.01). However, it is pertinent to note that the highest degradation obtained by OFAT was at 100 mg/L, but it was able to degrade up to 85 % of the 200 mg/L KCN while RSM degraded 95.6 % illustrating a difference of 10.6 %. Increasing the concentration of glucose by 0.5 g and yeast extract by 0.05 g can have significant impact on the result obtained, since they are energy and growth enhancers. Moreover, temperature is very vital in the proliferation of bacteria; the slightest alteration can bring about significant impact on the biotechnological ability of the bacteria. Therefore, the increase of 0.5°C of the temperature coupled with the slight increase in carbon and nitrogen source could boost the morale of the bacteria to bring about the resultant increase of 10.6 % degradation ability. Figure 8 illustrates the similarities between the predicted and the actual value of the experiment which is the response obtained; it depicts that the results are close to the predicted values by the design.
Interactions between factors
Three-dimension contour plots of response surface reveal the interaction of two factors at a time maintaining all other factors at a constant level (Fig. 9) . It explains the interaction between different variables interrelating with each other.
The interaction between temperature and pH reveals the correlation in which at both extremes the response was low, and at 32.2°C and pH 6 the response was very high illustrating a very fine contour (Fig. 9a) . The interaction between temperature and inoculum size revealed good interrelation in which a fine contour was developed. At the average range of the two factors, the response was alarming (Fig. 9b) . There was very good interaction between inoculum size and pH. At all extremes, the degradation is very low, but at the inoculums size of 20 % and pH 6, the degradation tends to be very effective, hence giving a very fine curve (Fig. 9c) . The interaction between inoculum size and cyanide concentration indicated a grave effect. Higher concentration of cyanide reduces the ability of bacteria to degrade it. It shows greater potential of degradation at 20 % inoculum size and 200 mg/L KCN (Fig. 9d) .
Verification of the RSM experiment
The optimum point obtained in the RSM was 95.6 % of the potassium cyanide degraded. The verification experiment was prepared with the optimum parameters obtained from degraded amounting to 9.4 mg/L residual cyanide indicating a bacteria growth of 16.14 log cfu/mL. This indicates no significant difference between the optimum point obtained in the RSM which is 95.6 %, illustrating a difference of only 0.3 % ( Fig. 10 ; Table 1 ).
Cyanide tolerance
Serratia marcescens strain AQ07 was tested for its tolerance to cyanide. The lower the concentration of cyanide, the higher was the degradation and the bacterial growth. The experiment was conducted with an array of cyanide concentrations of 200-1000 mg/L KCN with a difference of 50 mg/L, and it was discovered that growth and degradation was halted at 750 mg/L concentration (Fig. 11) . This illustrates that the highest cyanide concentration it can tolerate is 700 mg/L. Aside from cyanide, the bacterium could also tolerate several heavy metals including arsenic, silver, cobalt, cadmium, copper, chromium, nickel, zinc and lead, but mercury as low as 0.1 mg/L inhibited its growth and ability to degrade (Karamba et al. 2014 ).
Conclusion
Serratia marcescens strain AQ07 has been optimised for cyanide biodegradation. The investigation revealed that the strain grows and degrades best when supplemented with additional carbon and nitrogen sources. A pH value of 6 was the best for cyanide removal by these bacteria. The optimum temperature was at 32.5°C, which is the within the average range of temperature in Malaysia. The bacterium was able to degrade up to 95.6 % of 200 mg/L potassium cyanide. Further increase in concentrations revealed that the strain could tolerate up to 700 mg/L KCN. The response surface methodology utilised in this experiment considering different factors revealed the optimum condition for cyanide remediation. The optimal condition is obtained from this model using the factors responsible for degradation in both Plackett-Burman and central composite design. There is a close correlation between the optimum values used for various parameters for both the OFAT and RSM. Glucose, yeast extracts and temperature show a difference of only 0.5. pH for both tthe factors was 6 and cyanide concentration 100 and 200 mg/ L, respectively. This shows the closest optimum conditions for both methods. However, the difference in degradation differs significantly, as for OFAT the maximum concentration degraded was 85 % of 200 mg/L, while for RSM it was 95.6 %. This proved that RSM has the advantage over OFAT as it incorporates interactive effects between variables under examination. Verification of the RSM parameters conducted reveals that 200 mg/L of KCN can be degraded by 95.3 %, which is equivalent to 9.4 mg/L residual cyanide. This confirms the results obtained initially during the RSM procedure. 
